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An  attempt  to  analyst  qr  o»  exparlwKtal  work, 
by  J,  Tcnctik. 


Trso  slated  fro*  the  paapfelet  (Basel,  Beano  Schwab*,  I960)  toy  the 
Technical  Library  Branch,  Technical  Information  Divicim. 


Introduction 

I  was  asked  early  in  June,  I960,  to  review  ay  papers  for  an  academy, 
to  emphasise  those  that  I  consider  nost  important,  and  to  include  reasons 
fcr  ay  choice. 

I  was  forced  to  reflect  My  work  *ay  have  illxuainated  sons  problem 
with  novel  concepts  in  the  principal  fields  of  ay  endeavor,  the  radical 
domain  and  that  of  general  bacteriology  and  imunity,  bat  they  usually 
found  application  only  among  a  snail  circle  of  specialists  in  these  two 
fields.  Should  1  offer  a  concise,  tedious  euraary  of  details  in  the 
customary  style,  which  once  again  would  be  addreesed  to  a  narrow  group 
of  specialists,  depending  on  the  subject?  Have  I  not  read  enough  of 
these  correctly  written,  but  boring  coepilations?  Such  suanarles  and 
reviews  left  Many  a  question  unresolved. 

The  nunher  of  scientific  publications  that  constitute  the  world 
literature  has  bacons  ionensc,  even  within  a  certain  special  area.  Most 
reference  journals  are  poor.  Only  a  few  specialists  are  so  well  in- 
forwsd  that  they  can  competently  review  not  only  the  books,  but  also 
individual  articles  of  various  authors  working  in  their  field  of  interest. 
Other  reviewers  usually  lack  the  tins  to  study  the  literature  profoundly 
enough  to  enable  than  to  evaluate  the  entire  work  of  even  cute  single 
colleague  with  absolute  competence. 

Would  It  not  be  better  to  request  a  self-analysis  froa  the  author, 
in  which  he  describee  hie  results  in  a  fsw  chapters  and  with  greater 
brevity  than  is  ouetonary,  placing  then  within  the  framework  of 
knowledge  expected  of  a  larger  circle  of  readers?  Every  writer  who  has 
worked  for  years  or  decades  in  a  certain  special  area  knows  best  which 
observations  and  experiences  in  the  literature  prompted  hi*  to  treat  a 
specific  proble*.  Why  should  he  not  get  the  opportunity  to  account  for 
his  actions  in  his  own  words?  The  reviewer  would  have  an  easier  task; 
his  principal  duty  would  be  to  establish  whether  the  author  has  assigned 
too  ouch  significance  to  his  own  work. 


Z  believe  that  overstatement  has  been  avoided  in  my  past  axperiaental 
work.  Mevertheless,  I  as  faced  with  sow  difficult  problems  in  this 
coapildtion.  Mas  it  not  sy  task  to  emphasise  ay  aost  important  papers? 

Is  it  peraisslble  to  cite  books  by  other  authors,  sooe  perhaps  containing 
exaggerated  evaluations?  X  tried  to  find  a  eoaproad.se  solution.  The 
customs  ry  printing  technique  was  helpful  in  this  connect  ion:  I  had  sueh 
&  text  printed  in  "petit."  Later  I  listed  my  own  opinion  of  a  possible 
overstatesent. 

I  succeeded  in  placing  on  19  printed  pages  about  100  of  vy  expert - 
aental  papers  in  8  chapters  within  the  fraaework  of  currant  knowledge  of 
bacteria,  erythrocytes  and  various  serological  reactions.  The  critic 
aust  determine  whether  such  an  analysis  was  worded  objectively,  or 
whether  I  aide  occasional  overstateoents  that  require  revision. 

1  called  this  undertaking  an  "attempt. n  I  realise  that  every 
atteapt  can  be  aade  with  improved  Methods. 

Basel,  10  Boveaher  I960. 


Analysis  of  scientific  publications 
by  J.  Toaceik  1923-1960. 


Of  145  papers,  36  pertain  to  the  field  of  "hygiene;"  they  will  not 
be  discussed  here.  One  hundred  and  nine  paper*,  nearly  all  dealing 
with  experiaents  in  the  fields  of  bacteriology,  heaatology,  and 
Imittology-laHunoohiBlatry,  are,  with  few  exceptions,  classified  in  one 
category.  Many  of  these  experijwntal  papers  can  be  grouped  under  the 
designation  "lmunoeytology." 

I.  Miscellaneous  papers  not  discussed  in  this  report. 


Ksperlaantal  article* 
Diagnostic  reactions 
Microbiology 
iMnnoehenistry 
Various  law nniaations 

SpidasLology 
SnvirooMtttal  hygisns 
Public  health  administration 

Public  health  care 
Bsfone  of  artical  education 
Medical  biography 


3  papers  (1,  2.  3) 

2  papers  (5,  6) 

3  papers  (43,  66,  77) 

1  paper  (76) 

9  papers  (44,  50,  67,  73,  81,  91, 
92,  97,  101) 

4  papers  (13,  15,  54.  90) 

3  papers  (55,  57,  72) 

12  papers  (12,  48,  49,  51,  52,  53, 
61,  62,  63,  65.  69,  130) 

4  papers  137,  58,  59,  60) 

3  papers  (45,  100,  139) 

3  papers  (56,  98a,  98b,  142) 
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n.  Discussion  of  sxperinental  work. 


1.  Diphthsriat  Toxin  production,  immunity,  prophylactic 
ismunisation,  epidemiology  (14  papers). 

Tbs  production  of  diphtasria  toxin  ms  improved  by  Addition 
of  glucose  snd  sodium  Acotato  to  a  modified  medium  of  tbs  Pasteur 
Institute,  Paris  (22). 

Tottcsik  used  such  a  toodn  to  produce  diphtheria  toxoid  for  prophylactic 
immunisation  of  about  $00,000  children}  be  organised  immunisations  and 
evaluated  the  epidemiological  reeulte.  Aeide  from  Boston's  flocculation 
reaction,  a  special  sing  precipitin  reaction  in  gel  was  used  to  evaluate 
the  antigen8 e  effectiveness  experimentally  (2$,  2d).  In  addition,  the 
inmunising  activity  of  several  toxoid  preparations  produced  in  various 
European  countries  ms  evaluated  at  the  request  of  the  League  of  nations' 
Hygienic  Section  through  numerous  antitoxin  analyses  in  the  blood  of 
iamunised  persons  (28,  29).  Cooperative  morbidity  statistics  were 
obtained  with  good  results  among  about  100,000  iwunised  and  100,000  non- 
iamunized  children  (30).  Comparative  studies  of  changes  in  the  epidemic 
curve  in  immunised  and  non-lmmunised  districts,  the  study  of  age  distri¬ 
bution  among  diphtheric  pstimats  in  immunised  distil  cts,  as  well  ae 
several  epidemiological  invest igationa,  contributed  toward  clarification 
of  the  problem  (14,  20,  23,  24,  32,  33,  36). 

These  endeavors  injected  little  novelty  into  our  experimental 
knowledge.  The  value  of  these  studies  is  found  in  the  epidmaiological 
area  and  may  be  characterised  by  the  following  two  circumstances: 

1.  Prophylactic  ianunlsations  mentioned  here  were  carried  out  at  a 
time  when  the  periodically  fluctuating  curve  of  diphtheria  morbidity  ms 
still  rising. 

2.  The  clear  evidence  of  epidemiological  results  of  this  project 
led  to  the  world's  first  law  of  mandatory  immunisation  with  respect  to 
diphtheria  prophylaxis. 

The  theoretical  foundations  of  inmmity  to  diphthsria  and  the  results 
of  prophylactic  immunisation  were  discussed  by  the  author  in  the  "Results 
of  Internal  Medicine  and  Pediatrics"  in  1932  (31). 

2.  The  role  of  polysaccharides  in  the  theory  of  immunity 
(17  papers). 

Until  1923  the  general  doctrine  specified  that  only  protein 
substances  or  tbeir  high-molecular  derivatives  ars  capable  o':  .Meeting 
with  antibodies.  Zinsser  (lev  Tork)  ms  the  first  to  produce  protein- 
free  bacterial  extracts  which  gave  a  specific  precipitin  reaction  with 
the  homologous  antibacterial  immune  serum}  they  did  not,  however,  elicit 
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production  of  antibodies  in  experlaental  aninels  upon  i.r.  injection. 

Zinsser  celled  tbs  unknown  specific  substances  of  his  bacterial  extracts 
"residual  antigens?*  they  were  later  designated  haptens  upon  londsteiner's 
recomendatlons.  In  1924  Mueller  and  Tascslk  demonstrated  (4)  that  the 
specific  residual  f&tigsn  of  the  yeast  cell  consists  of  polysaccharide. 

The  sane  issue  of  the  Journal  of  ^aperiuental  Medicine  (Sew  fork)  con¬ 
tained  the  wcrld-iaaous  paper  by  Avery  and  Heidslbsrgsr,  according  to 
which  species-specific  polysaccharides  can  be  isolated  from  broth 
cultures  of  pncunocooci. 

The  two  pipers  listed  above  substantiate  the  study  of  cellular 
polysaccharides  the  aid  of  specific  antibodies. 

Soon  the  possibility  was  raised  that  specific  bacterial  polysaccharides 
originate  principally  in  the  bacterial  capsule.  It  was  asstned  as  early  ae 
1931  that  all  bacterial  capsules  consist  of  specific  polysaccharides .  The 
work  of  Tome  elk  subjected  this  "doctrinal  concept"  to  a  certain  aodiflcation. 
A  few  exupjtee  will  be  listed  here.  In  contrast  to  B.  antbracis  (7),  CL. 
pneumoniae  and  A.  aero genes  (7#  B)  indeed  contain  only  polysaccharides  as 
specific  capsular  haptens.  Polysaccharides  show  optiwal  linkage  with  their 
homologous  antibodies  both  in  tbs  precipitin  test  and  the  complement  fixation 
reaction  (10). 

On  the  other  bond,  the  polysaccharide  sllwe  substance  of  Bh.  redicl- 
ooloe  does  not  act  as  a  s  pad  fie  substance,  since  it  is  not  orpdeally 
tied  to  the  surface  of  the  living  anil,  and  no  polysaccharide  antibodies 
are  produced  upon  "lunuml  action"  with  aline  containing  cell  suspensions 
(7).  Beeent  discoveries  about  the  chemistry,  structure  end  serological 
reactions  of  the  bacterial  capsule  ere  discussed  in  Chapters  3-5  of  this 
analysis. 

Mueller  and  Tone  oik  (4)  isolated  specifically  reacting  polysaccharide  s 
Aron  yeast  cells  without  capsules.  In  studying  nunerous  yeast  cells  with 
distiller  serological  activity,  Toncsik  (21)  found  their  polysaccharide's 
specificity  to  be  identical  with  the  behavior  of  intact  cells  in  the 
agglutination  reaction.  Tone elk's  (7,  %,  132)  assertion  to  the  effect 
that  the  specific  polysaccharide  of  B.  an th reels  is  not  contained  in  the 
capsule,  but  in  the  cell  nail,  was  questioned  by  Heldelberger  at  the 
II.  International  Congress  in  London,  and  was  vindicated  later  by 
several  confl nations. 

Kven  today,  these  observations  validate  the  conclusion  that  those 
polysaccharides  that  are  incorporated  organically  in  the  oapsule  or  the 
cell  wall  of  the  living  cell  (probably  as  supportive  groups  of  protein 
substances)  nay  ast  as  specific  substances.  They  are  desifiated  complete 
antigens  or  heptwu,  depending  on  their  isolation  or  "degree  of  purity." 
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Is  the  early  stages  of  polysaccharide  research  the  important  medical 
question  w»  raised,  whether  pure  polysaccharides  u  specific  hapten* 
could  produce  genuine  anaphylactic  shock  or  allergy.  Tomecik  (9)  found 
that  the  polysaccharide  of  A.  aero genes,  which  does  not  elicit  toxic 
flynptoae  upon  intravenous  injection  of  1  mg,  kills  a  specifically  sensi¬ 
tized  guinea  pig  with  typical  anaphylactic  shock  within  3-5  minute*  in 
amount*  Measured  in  'If'-  Avery  and  his  associates  confimed  this  observa¬ 
tion,  which  was  expanded  by  ToMcsik  and  others  in  several  papers  (11, 

16,  17,  16,  27,  93,  96),  These  experimental  findings  fora  tbs  basis  of 
wany  a  concept  in  current  allergic  doctrine  (Harkavi,  hew  fork,  USA, 

1st  International  Congress  of  Allergy,  Zorich,  1952). 

Soon  after  the  publication  of  the  first  two  papers  on  polysaccharides 
(9,  11),  Prof,  Ur.  fi.  Doerr  consented  on  the  discovery  of  polysaccharide 
anaphylaxis  in  the  Manual  of  Pathogenic  Microorganism  by  Kolle,  Krone 
and  Uhlanhutb  (1929),  Vol.  1,  pp,  951-953*  i 

p.  951*  “He  cent  experiments  by  Tone  elk  and  Kurotchidn  (11)  have 
brought  the  problen  of  bacterial  anaphylaxis  into  a  new  phase. 

"Tone si k  and  Kurotchkln  Is— ini  zed  rabbits  with  Bacillus  lactis 
aero genes,  pneuno bacilli  or  yeast;  1-4  ce  of  the  resultant  insane  sera 
were  used  to  sensitise  guinea  pigs  passively  and  beterologously  (intra- 
peri  toneal  injection).  However,  the  intravenous  injection  for  effect 
was  not  nade  with  extracts  (with  high  primary  toxicity)  of  the  indicated 
Microbes,  but  with  chemically  prepared  products  wtdeh  gave  no  protein 
reactions  and  contained  not  More  then  0.2-0.#  H,  associated  with  e  high 
concentration  (66-0#)  of  carbohydrates.  The  aniaals  reacted  with 
absolutely  typical,  acutely  lethal  shock,  even  to  0.01-0.03  Mg,  while 
untreated  controls  tolerated  the  sane  or  larger  doses  (up  to  2  ag)  without 
reaction;  only  aerogenes  derivatives  had  prism ry  toxicity  at  these  high 
levels;  they  did  not  produce  shock  symptoms,  however,  but  censed  chronic 
intoxication  leading  to  death  on  the  second  or  third  day. 

"Experiments  on  the  uterus  of  sensitised  guinea  pigs  also  gave  clear 
results;  concentrations  of  protein-free  microbe  derivatives  inducing 
contraction  wire  found  to  be  1*5-20  million  by  Dele;  the  uterus  of 
normal  guinea  pigs  was  unaffected  by  concentration*  1000  tines  higher. 

It  must  be  noted  that  shock-inducing  protein-free  preparations  at 
remarkably  high  dilutions  (1:500,000  to  1:2,000,000)  yielded  specific 
precipitations  with  passively  prepared  rabbit  immune  Mrs,  which  seams 
to  indicate  tbs  validity  of  close  relations  between  the  precipitin 
reaction  and  anaphylaxis  even  in  the  area  of  bacterial  antigens." 

I  cannot  agree  with  the  last  sentence.  Nor  do  I  endorse  the 
discussion  on  page  953*  I  shall  cite  the  following  sentence  from  the 
end  of  this  chapter  (p,  953)*  "It  is  impossible  to  aeeee*  the  effect 
of  further  work  in  the  direction  set  by  fomealk  on  the  negative 
evaluation  of  relationships  between  anaphylaxis  and  infection." 
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Thirty-on*  years  have  pasted  since  this  sentence  ms  written,  bat 
no  additional  clarity  has  been  brought  into  the  role  of  anaphylaxis  in 
infectious  diseases. 

Polysaccharides  as  hetero genetic  antigens  ware  discussed  in  a  Swiss 
paper  (63),  and  imam  n  poly  saccharides  in  general  were  treated  in  a 
British  paper  (102). 

3»  Bacillus  anthraeis:  Bacteriology,  call  structure,  infaction, 
lammity  (21  capers). 

Early  in  this  century,  Gruber  as  wall  as  Preisx  discovered  an 
absolutely  close  correlation  between  the  ability  of  anthrax  bacilli  to 
fora  capsules  in  the  infected  aniaal  sad  tbs  virulence  of  B.  anthraeis. 

In  the  initial  era  of  polysaccharide  research,  the  Aaerlcaa  school  of 
Avery  tried  to  clarify  the  role  of  capsular  polysaccharides  in  pneuao- 
coccal  virulence  in  a  maber  of  worM-faseua  papers.  These  studies 
constituted  the  apex  of  alcrobielogical  research  in  the  world  literature . 
At  that  tias  poeunoeocei  wars  aost  thoroughly  explored  with  respect  to 
1  amnochsai  st ry. 

Toaeaik's  work  with  anthrax  (17,  IB,  19,  34»  35),  began  in  1930, 
indicated  that  echsaatiaatlon  ia  not  permissible  even  in  this  area  of 
biological  research] 

a.  Anthraeis  sixains  attenuated  in  virulence  by  Pasteur's  aethod 
as y  produce  eooraous  capsules  on  ordinary  agar  asdiua  wader  aoraal  O2 
pressure. 

b.  The  capsule  of  B.  anthraeis  consists  not  of  a  specific  poly¬ 
saccharide,  but  of  a  sped  fie  protein  derivative  (Pp). 

c.  Specific  anthraeis  polysaccharides  (Ps)  usy  be  extracted  froa 
noD-c&psular  anthrax  bacilli  without  aduixture  of  Pp. 

C.  Aduixture  of  Pp  aad  Pa  (extract  of  encapsulating  bacilli)  yields 
the  fir»t  euhetence  upon  predpitation  with  0o90l  ia  chaadeally  pure 
fora  (3#>,  35). 

Toacdk'a  pupil,  Ivwnovice,  subjected  Pp  aubotaaco  to  thorough 
rheatcal  aaelydaj  together  with  the  ebadet  Pm  aimer  be  ebtaiaed  only 
d(-)  glutamic  ccid  building  blocks  upon  hydro lyds  of  this  substance. 
Since,  according  to  later  reports,  a  dollar  glutamyl-polypeptide  was 
isolated  froa  cancerous  tissue,  the  finer  ehaaieal  structure  of  this 
subetaees  me  studied  fay  luiasriwie  coesdste  (ia  Buugsry,  ingland,  B8A 
aad  Israel).  Tbs  British  bleebasdat  Bovaruiek  aodlfled  the  technique 
of  Ivaaovies  and  hruetaaar  for  Isolation  of  pure  anthraeis  polypeptide. 
Apparently  Bemrdefc  was  unaware  of  Toaedk's  ldtial  paper,  ia  whicb 
purification  of  this  eubetaace  was  described  in  detail  (Zdt.  f. 


6 


Iuwnnitaet  sf or sehang  77,  No.  1/2);  his  *wddifieattanM  with  Cu304~predpita- 
ti on  af  the  polypeptide  Is  identical  with  the  asthof!  described  in  1932  by 
Toapeikad  Saonjptt  (3$). 

Anthraeis  polysaccharide  sad  polypeptide  were  Initially  (34?  35) 
characterised  ebewLeally  and  with  tbs  aid  of  two  Antibodies  deroid  of 
cross  reaction  with  ths  two  sothrscis  haptens.  These  sapors  (34  and  35) 
forced  ths  beginning  of  iwKtnoehenleal  research  in  anthraeis  polysaccha¬ 
ride  and  polypeptide. 

The  ebeaLeal  nature  of  the  polysaccharide?  which  reacted  with 
Aathrads  polysaccharide  antibodies  prepared  and  defined  by  faweslk, 
was  soon  clarified  (Ivanovics).  British  bioeheadets  assuned  the  existence 
of  a  second  anthraeis  polysaccharide?  which  was  described  as  carman  and 
gave  a  completely  different  serological  reaction.  This  obvious  error 
was  removed  in  paper  (132).  The  "second  anthraeis  polypeptide"  corresponds 
to  the  specific  yeast  gun  (4?  21)  originating  with  a  yeast  hydrolysate 
added  to  the  neditas.  Paper  (133)  denonetrated  the  conditions  under  which 
vegetative  cell*  se  well  as  bacterial  spores  nay  hind  foreign  antigenic 
substances  fron  the  nut  riant  with  practically  irreversible  results?  leading 
to  false  inferences  fron  analyses  of  bacterial  antigens  carried  out  with 
1— ms  sera  produced  in  this  asaassr.  A  single  specific  polysaccharide 
of  anthrax  bacilli  is  known}  it  shows  ths  ease  serological  specificity  in 
nuaerous  anthraeis  strains  (34?  112?  132)  and  is  extracted  in  ebsnically 
pure  fern  fron  isolated  and  purified  cell  walls  of  anthrax  bacilli  (132). 
This  polysaccharide  shows  a  certain  serological  relationship  with  tbs 
polysaccharide  la  certain  types  of  B.  eereus  (131).  However?  this  poly¬ 
saccharide  in  incorporated  in  the  cell  wall  of  B.  anthraeis  in  a  wanner 
different  fron  thot  of  B.  eereus.  The  behavior  of  ths  cell  wall  of  B. 
anthraeis  nay  ho  differentiated  fron  that  of  B.  eereus  upon  insane 
agglutination  as  well  ae  by  neons  of  ths  peculiar  fonu  of  anthrax 
bacilli  in  the  presence  of  penicillin  (122?  131).  Anthraeis  polysaccha¬ 
ride  antibodies  do  not  confer  inanity  to  exparlasntal  anthrax  infection. 

Specific  antibodies  against  the  glutauylie  add  polypeptide  any  be 
produced  in  rabbits  with  10  or  were  i.v.  injections  of  killed,  encapsu¬ 
lated  anthrax  bad  Hi  (35?  3*?  39?  40,  41?  42?  46).  Xbeee  antibodies 
agglutinin  only  encapsulated  anthrax  bacilli  (38).  Only  they  can 
dsomstnate  the  ospeule  of  B.  anthraeis,  which  is  Invisible  in  native 
preparations  (39).  These  antibodies  were  used  to  deaonetrate  that: 

a.  anthiads  polypeptide  liberated  in  the  bleed  of  infected 
aniaals  Is  identical  with  aathrads  polypeptide  produced  "in  vitro*  (40); 

b.  polypeptide  in  produced  nest  intensely  at  ths  plane  of  bacillary 
division  within  ths  chain  (112). 
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The  greatest  Interest  frm  the  viewpoint  of  experimental  pathology 
was  produced  by  the  observation  that  nice,  which  in  the  past  could  not 
be  protected  against  a  single  lethal  dose,  were  protected  against  100 
fatal  doses  by  polypeptide  antibodies  (42,  47).  Guinea  pigs  and  rabbits 
were  not  protected  by  polypeptide  antibodies  (40,  47)*  At  a  later  tine, 
very  intensive  research  on  anthrax  in  the  USA  (Cup  Detrick)  and  Ingland 
(Port on)  established  that  these  aniaals  can  be  effectively  limited 
with  other  (still  imperfectly  defined)  antibodies.  In  his  wtll-known 
manual  ("Tmiainity,  Hypersensitivity,  etc."),  Baffsl  (Stanford)  discusses 
the  reasons  why  it  would  be  Important  for  our  knowledge  of  infection  to 
clarify  the  narked  differences  in  tbs  protection  conferred  by  polypeptide 
antibodies  on  various  animal  specie*.  Certain  references  to  this  natter 
are  node  in  papers  (41  aad  47). 

Quines  pigs  sensitised  passively  with  none  logons  antibodies  are 
killed  by  T  -quantities  of  both  anthraeis  polysaccharide  and  polypeptide 
(17,  IS). 

A  report  by  Mssningsr  and  Sogredl  on  induced  nutation  prompted  me 
to  study  this  pharm—mrrn  Bwt  pertinent  papers  (82,  S3,  87)  list  results 
that  are  difficult  to  interpret,  although  they  led  to  isolation  of  a  very 
peculiar  bnclll.ua  whose  thorough  investigation  produced  the  Impetus  for 
r loner  study  of  bacterial  1— umi  ytolngy  (cf.  Chapter  5). 

4.  Hectrestatie,  pB-nsaodated  protein  cauplenes  on  bacterial 
limiting  surfaces  (4  papers )~ 

Based  an  a  a m  principle  (10$),  bacterial  eepeules  invisible  in 
aqueous  anspanaleas  are  distinctly  vioualiaad  under  the  phase  contrast 
nieroeoope  la  dspandanns  on  pH  nad  the  type  of  proteins  added.  Optical 
pH  la  constant  for  different  strains  of  the  sane  species  or  type,  pro¬ 
vided  the  sane  protein  is  added.  Chi  the  ether  hand,  optimal  pH  varies: 

a.  according  to  the  type  of  sdcroorgaaiM  (Cryptococcus,  Strepto¬ 
coccus,  m—uuococeas,  Hebei  ells  aad  several  species  of  genus  Bacillus) 
aad 

b.  according  to  tbs  isoelectric  point  of  added  proteins. 

Tor  elk  culls  this  reaction  "non  specific  napeulsr  reaction.* 

It  develops  due  to  an  electrostatic,  salt- Ilka  may  lev  linkag* 
betas  an  the  bacterial  cell  surface  and  the  added  protein  within  *  narrow 
range  of  pH.  Proteins  with  bigg  Isoelectric  points  (e*g.,  pr>tsal.n*s) 
show  a  wider  effective  sane  In  this  reaction;  at  suffLdently  high 
oonoont, rations  they  destroy  the  bacterial  eeU  (10$,  107,  117,  123). 

The  new  prlnrigle  lad  to  rievlnpnont  of  a  simple  capsular  stain 
reaction  ad&eh  gives  positive  visualisation  of  the  capsule  after 

with  sense  proteins  at  a  certain  pH,  erven  following  Oran 


staining  (104) 


The  non-specific  capsular  reaction  nay  also  serve  ae  Indicator  in 
the  demonstration.  In  body  fluids,  of  basic  protein  substances  whose 
significance  in  the  course  of  infectious  diseases  still  awaits  clarifi¬ 
cation  (107). 

A  "non-specific  cell  wall  reaction"  may  be  demonstrated  in  some 
bacteria  with  the  same  principle,  provided  the  cell  wall  is  separated 
enzymatically  from  the  cytoplasm,  or  the  cytoplasm  is  destroyed  elective}/ 
by  enzymatic  or  mechanical  means  (117,  125). 

5.  Imasmo  cytology  of  bacteria  (25  papers). 

finger  and,  several  years  later,  Neufeld  reported  that  certain 
organisms  or  their  capsules  revealed  " swelling"  after  addition  of 
homologous  limaine  serum.  This  reaction  was  designated  as  "capsular 
swelling  reaction"  throughout  the  world.  Tome oik  demonstrated  at  a 
symposium  of  the  Society  of  General  Microbiology  held  at  London  (119) 
that  this  designation  is  false,  since  the  bacterial  capsule  simply 
becomes  visible  in  this  reaction,  without  changing  its  form  and  without 
swelling.  He  recommended  the  name  "specific  capsular  reaction"  for  this 
phenomenon.  This  new  term  has  already  been  adopted  in  some  recent 
bacteriological  papers  (e.g.,  KLUdLnson,  Amer.  Review  of  Bacteriology). 

The  nature  of  this  reaction  consists  of  the  specific  linkage  of 
antibody  molecules  with  antigen  molecules  present  on  the  cell  surface. 

It  is  evident  that  the  following  premises  must  be  met  before  a  micro¬ 
scopically  visible  "specific"  reaction  can  take  place: 

a.  Femes  hill  ty  of  bacterial  limiting  structures  for  antibody 
molecules. 

b.  Appropriate  thickness  of  the  antigenic  layer  (adequate  number 
of  antigen  molecules  reacting  with  antibodies). 

c .  Optical  contrast  of  the  proper  cellular  jayer  vis-a-vis  other 
limiting  layers  of  the  os  11  after  completed  reaction. 

Ad  a.  The  permeability  of  the  bacterial  capsule,  the  sporangium 
and  the  esoaporlu*  Is  vary  favorable  for  antibody  molecules,  that  of  the 
vegetative  cell  mall  and  the  spore  wall  la  limited  or  variable . 

Ad  b.  Thin  layers  of  capsules,  cell  walls  and  emosporia  carrot 
be  visualised 

Ad  c.  In  order  to  produce  apscific  visualisation  of  the  bacterial 
cell  wall  or  the  spars  wall,  the  latter  moat  be  separated  enzymatically 
(lyaosysm)  from  the  cytoplasm,  or  the  cytoplasm  is  partially  removed. 


9 


A  number  of  papers  dealing  with  experimental  iasunocytology  pointed 
out  that  isolated,  chemically  defined  and  purified  antigens  say  be  used 
to  identify  antibodies  chemically,  and  that  the  latter  may  serve  to 
establish  topographical  localisation  of  known  antigenic  substances  in 
the  cell's  structure.  The  following  reactions  leading  to  morphologically 
distinct  pictures  were  described: 

a.  Specific  capsular  reaction. 

b.  Specific  cell  wall  reaction. 

c.  Specific  sporangium  reaction  with  apparent  swelling  of  the 
sporangium. 

d.  Specific  exosporiun  reaction. 

e.  Specific  spore  wall  reaction. 

Of  these  reactions,  a.  and  b.  will  be  discussed  briefly  in  this 
chapter,  based  on  published  papers,  while  c.,  d.  and  e.  are  described  in 
Chapter  7. 

In  his  book,  "The  Cytology  and  Life-History  of  Bacteria"  (Livingstone 
Ltd.,  Edinburgh/ London  1955,  p.  17/18) ,  K.  A.  Bisaet  (Birmingham)  writes 
the  following  about  this  phase  of  Tomeaik's  work: 

"A  revolution  in  the  use  of  the  phase-contrast  microscope,  comparable 
with  the  introduction  of  specific  staining  methods  in  classical  microscopy, 
has  resulted  from  the  brilliant  work  of  Tossceik,  who,  by  the  use  of 
enzymes,  antibodies  and  other  proteins  has  specifically  demonstrated  a 
variety  of  chemically  definable  materials  and  structures  in  the  bacterial 
cell,  and  has  revealed  an  entirely  unsuspected  complexity  of  structural 
details  in  the  capsule.  The  most  striking  of  Tbmcsik's  methods,  which  is 
possibly  the  greatest  single  advance  in  cyto chemical  technique  in  the  last 
half-century,  end  which  has  potential  application  in  all  biological  fields, 
consists  in  the  preparation  of  antibodies  against  chemically  defined 
fractions  of  the  bacterial  capsule.  When  these  antibodies  are  allowed  to 
reaot  with  bacteria  which  contain  the  appropriate  chemical  fraction,  in 
the  field  of  the  phase-contrast  microscope,  the  antigen-antibody  combina¬ 
tion  shows  clearly  in  dark  contrast,  presumably  because  of  the  coagulation 
of  the  antigen..." 

The  text  quoted  from  Bisset  could  be  criticized  in  the  sense  that, 
according  to  Tomceik's  papers,  the  hope  for  a  "potential  application  in 
all  biological  fields"  is  not  very  great.  There  are  many  cells  with 
surface  structures  that  cannot  be  visualised  microscopically  with  this 
technique. 

On  the  other  hand,  the  topography  of  chemically  definable  antigens 
built  into  the  limiting  surfaces  of  "suitable"  cells  is  demonstrated 
with  a  clarity  that  exceeds  that  of  preparations  treated  by  Coons' 

(Boston)  method  with  fluorescent  antibodies.  Numerous  microphoto graphs 
of  this  type  made  by  Tomcsik  have  been  reproduced  in  recent  books  on 
bacterial  cytology. 


The  aost  remarkable  microphotogrephs  were  made  with  a  bacterial  strain 
(Bacillus  M)  isolated  during  projects  (82,  83  and  87).  This  bacteria* 
shows  Morphological  reactions  resembling  those  of  6.  aegaterium,  Although 
its  cytochroadc  system  is  different,  according  to  Meibull  (Stockholm) 
fro*  that  of  "typical*  B.  aegaterium  strains  which  have  been  used  *ost 
extensively  in  recent  studies  of  bacterial  cytology.  This  strain,  as  a 
rule,  produces  capsules  consisting  of  alternating  layers  of  genus- specific 
glutamyl  polypeptide  and  a  type-specific  polysaccharide.  The  latter  for* 
transverse  capsular  septa  in  direct  continuation  of  the  transverse  wall 
and  occur  as  polar  caps  at  both  ends  of  the  chain  (94,  95  ,  99).  It  is 
*cst  reaarkable  that  strongly  developed  polysaccharide  transverse  septa 
of  the  capsule  for*  a  direct  continuation  of  the  transverse  wall;  there 
are  no  analogous  observations  in  botany  which  show  growth  of  tbs  trans¬ 
verse  wall  beyond  the  Halts  of  the  cell  wall.  The  peculiar  structure 
of  this  bacterial  capsule,  consisting  of  polypeptides  and  polysaccharides, 
was  termed  "complex  capsular  structure"  by  Toacsik,  who  pointed  out  that 
this  bacterium's  capsule  incorporates  polysaccharides  similar  to  those 
contained  in  the  cell  wall,  in  contrast  to  other  bacteriological 
observations.  This  claia  has  been  challenged  by  Ivaaovica  in  several 
papers.  Wilkinson  (Baet.  Her.  USA,  78,  423,  1958)  also  assumed  that 
capsular  polysaccharides  of  Bacillus  M  are  sHme  substances  held  by 
electrostatic  forces  of  tbe  polypeptide  (105). 

These  authors  apparently  failed  to  consider  papers  (108  and  109), 
in  which  the  genesis  of  the  complex  capsular  structure  was  described  in 
great  detail,  tK  where  the  production  phases  of  chemically  definable 
substances  on  a  cellular  surface  were  identified  by  their  characteristic 
topography.  Since  nodi fl cations  in  the  composition  of  nutrient  made  it 
possible  to  equip  several  strains  of  B.  aegaterium  with  capsulss  con¬ 
sisting  solely  of  specific  polysaccharides  without  polypeptide  (134), 
’Wilkinson  admitted  his  erroneous  interpretation  (personal  communication). 
Forty-five  strains  of  B.  aegaterium  were  used  to  demonstrate  variations 
in  the  complex  capsular  structure  within  this  species  (125).  A  special 
technique  allowed  demonstration  of  the  peculiar  capsular  structure  of 
Bacillus  M  under  the  electron  microscope,  solely  with  the  aid  of  anti¬ 
bodies  discussed  above  (127). 

Usually  no  changes  can  be  expected  under  the  phase  contrast 
microscope,  when  homologous  cell  wall  antibodies  are  added  to  an  intact 
bacterial  suspension.  At  most,  certain  grampositive  bacilli  may  seem 
to  gain  in  site  after  inch  treatment. 

The  behavior  of  acme  grampositive  bacteria  is  quite  different  when 
their  cell  wall  is  partially  dspolymsri xed  with  ensymes  and  separated  from 
the  cytoplasm  by  loosening  of  the  rigid  structure.  At  this  stage  the  cell 
wall  is  barely  visible  under  the  phase  contrast  microscope.  However,  as 
soon  as  homologous  cell  wall  antibodies  are  added,  it  becomes  distinctly 
visible  (99).  Toacsik  called  this  new  specific  reaction  "specific  cell 
wall  reaction."  This  reaction  is  seen  even  more  readily  when  bacteria 
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are  shaken  with  tiny  glass  beads  in  Mickle's  electromagnetic  Ti bra tor, 
causing  the  removal  of  cytoplasm  through  barely  visible  fissures  in  the 
cell  wall  (121).  The  wall  of  the  evacuated  bacterial  cell  is  on  the 
margin  of  microscopic  visibility.  It  is  shown  distinctly  by  addition 
of  hoaologous,  type-specific  polysaccharide  antibodies  (106,  111,  115, 

131,  134).  Ultrasound  cannot  replace  the  Mickle  vibrator  satisfactorily 
for  this  purpose  (136). 

Attempts  were  made  to  substitute  ensymatic  proteolysis  for 
mechanical  removal  of  cytoplasm.  Contrary  to  the  general  finding*  in  the 
pertinent  literature,  trypsin  digested  all  intact  strains  of  B,  aegateriua 
quite  distinctly,  whereas  anthracic  strains  were  attacked  moderately. 

None  of  the  cereus  strains  were  affected  by  this  ferment  (123).  Extensive 
experiments  revealed  that  the  removal  of  a  very  thin  lipoid  layer  from 
the  cell's  surface  is  necessary  for  rapid  and  thorough  digestion  of  cyto¬ 
plasm  by  trypsin,  even  in  the  case  of  B.  meg&terium  (135)*  Crystalline 
trypsin  acts  only  in  the  presence  of  the  customary  preservative,  chloro¬ 
form,  or  in  conjunction  with  a  number  of  other  organic  solvents.  The 
latter  may  be  replaced  by  the  enzyme  lipase,  which  is  an  impurity  of 
camercial  trypsin  preparations  (135).  The  specificity  and  effectiveness 
of  another  ferment,  lysozyme,  were  studied  quantitatively  with  numerous 
strains  of  the  "bacillus''  group  (124). 

A  combination  of  methods  for  the  isolation  of  the  coll  wall  was 
employed  in  taxonomies!  work  with  numerous  strains  of  the  species  cereus, 
anthraeis  and  megatariua;  cross  tests  were  based  on  the  criterion  of  the 
new  specific  cell  wall  reaction.  Generally  speaking,  the  same  classifi¬ 
cation  was  established  as  bad  been  secured  with  the  agglutination  reaction 
of  intact  bacilli  (131,  134) •  According  to  findings  by  Tomcalk  and  his 
associates,  B.  negater! ua  and  B.  cereus  have  the  greatest  number  of  types 
(even  on  the  basis  of  cell  wall  polysaccharides)  of  all  known  bacteria. 

In  contrast  to  biochemically  related  strains  of  B.  cereus,  non-capsular 
strains  of  B.  anthraeis  are  not  agglutinized  by  their  homologous  immune 
sera  (36),  although  they  do  give  a  distinct  specific  cell  wall  reaction 
with  anthraeis  polysaccharide  antieerum  (112,  131).  Different 
serological  types  of  B.  anthraeis  were  not  demonstrable,  either  with  the 
specific  cell  wall  reaction  or  with  serological  analysis  of  anthraeis 
cell  wall  polysaccharides  from  various  anthraeis  strains  (131,  132). 

Chemical  (principally  chromatographic)  studies  characterised  the 
following  purified  specific  rub stances  in  the  course  of  investigations 
discussed  here: 

a.  B.  megateriua:  polypeptide,  capsular  and  cell  wall  poly¬ 
saccharide,  cell  wall  mucoprotein  (103,  113); 

b.  B.  anthraeis,  B.  cereus:  cell  wall  polysaccharide  (132). 
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A  summation  of  imaunocyto logical  pap *rs  di seuseed  here  loads  to  the 
conclusion  that  a  qrstem  was  developed  which,  with  ths  aid  of  limimn 
chemically  defined  antibodies,  permitted  investigation  of  tho  topographical 
dl  strlfcction  of  individual  anti  gone  on  tho  Halting  swrfaco  of  intact  or 
en*y*atlc#llj/n»chezdcally  pre-treatsd  bacterial  colls  (110) .  Soporto  on 
this  field  were  eoapiled  ins 

а.  The  sinister*  of  bacterial  Halting  surfaces  (117/ } 

b*  Antibodies  as  indicators  for  bacterial  surface  structures  (122); 

e.  Fine  structure  of  bacterial  limiting  surfaces  (129) . 

б.  Baetsrial  protoplasts  (6  papers). 

Fleeing  discovered  lysosyae,  a  ferment  which  can  digest  scow 
graapoeltive  bacteria  in  their  entirety. 

It  was  soon  discovered  that  lysosyae  ie  a  polys&ceharidaee.  the 
action  of  lyeoayw*  on  the  structure  of  the  bacterial  cell  was  deeeribed 
by  Tomcsik  and  Quex-Kolser  (99).  When  egg  albumin  at  1:200  or  crystalline 
lysosyao  at  1:10,000  is  added  to  a  live  suspension  of  Bacillus  K  (or,  in 
appropriate  concentrations,  to  any  strain  of  B.  aegaterium),  the  phase 
contrast  sicro scope  reveals,  even  at  room  temperature,  a  chronological 
sequence  of  changes  that  pendts  a  profound  insight  into  the  fine 
structure  of  bacterial  cells.  These  changes  include: 

a.  Dilatation  of  the  cell  wall,  which  is  rigid  prior  to  treatment 
and  bsooaes  progressively  acre  depolyaerlsed  in  the  course  of  lysosyaic 
action.  The  dilated  cell  wall  is  invisible  at  a  certain  stage  of  de- 
polyuerisation;  it  nay  be  denonetrated  under  the  phase  contrast  Microscope 
by  addition  of  homologous,  type-specific  antibodies. 

b.  In  parallel  progress  with  cell  wall  dilatation,  the  cytoplaan 
separatee  frou  the  cell  wall,  first  at  the  poles,  then  laterally; 
ultimately  it  assuaes  an  absolutely  uniform  spherical  fora. 

o.  Spherical  units  of  cytoplasa  are  liberated  as  uniform,  *vund 
elements  after  ooaplate  dissolution  of  the  cell  wall. 

d.  liberated  cytoplasmic  spheres  appear  black  under  the  phase 
contrast  micro  scope;  their  luminosity  is  soon  restored  in  physiological 
saline,  with  the  exception  of  a  peripheral  layer  that  oorreaponds  to  the 
long-suspected  cytoplasmic  membrane  of  bacteria.  This  membranous  layer 
also  disintegrates  after  a  few  hours  in  physiological  saline. 
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e.  Spfcarical  transformation  of  eytoplam  does  not  occur  if  bacteria 
are  heated  prior  to  subjection  to  lyse syne.  Bacilli  treated  with  beat 
are  changed  to  thin,  coagulated  cytoplasmic  rods  without  cell  wall  in  the 
presence  of  lysosyas. 

These  observations  (99)  are  highly  important  with  respect  to  our 
knowledge  of  the  fine  structure  of  the  bacterial  cell,  fhcy  indicate  that 
lysosyme  acts  electively  on  the  cell  wall,  that  the  dilated  cell  wall  nay 
be  visualised  microscopically  with  type- specific  polysaccharide  antibodies 
up  to  a  certain  stage  of  lyoosysdc  depolyimrisation,  and  that  the  cyto- 
plaudc  aass,  surrounded  by  an  elastic  cytoplasadc  membrane,  assumes  a 
spherical  shape  wh«  freed  of  the  rigid  cell  wall,  due  to  its  extraordi¬ 
narily  high  surface  tension  and  minute  volume.  The  second  part  of  this 
observation  (spherical  transformation  of  cytoplasm  due  to  the  activity  of 
lysosyme)  was  confirmed  a  year  later  by  Wei  bull  in  an  important  and 
universally  known  paper.  He  called  the  spherical  elements  protoplasts, 
a  term  already  in  use  by  botanists  during  the  last  century  as  a  designa¬ 
tion  of  components  without  call  walls  present  in  plant  cells  (gymnoplasts) . 
Wei bull  made  the  novel  observation  that  lyeosymic  protoplasts  of 
B.  megaterium  may  be  preserved  in  isotonic  saccharose  solution. 

The  two  papers  discussed  here  gave  rapid  impetus  to  intensive 
research  in  protoplasts.  Participating  biochemists  demonstrated  that 
lysosymic  protoplasts  synthesise  protein  and  enzyme,  and  even  show  signs 
of  growth  and  rudimentary  cell  division.  A  rapidly  growing  number  of 
papers  soon  revealed  confusion  of  concepts.  Are  lyeosymic  protoplasts 
identical  with  the  spherical  microorganisms  that  are  formed  in  the  presence 
of  penicillin?  (Paper  112  showed  that  "strlng-of-pearls"  forms  of  anthrax 
bacilli  produced  with  penicillin  possess  a  heavy  cell  wall  layer  and  that 
these  forme  have  nothing  in  wm  with  protoplasts.)  What  are  the 
differences  between  protoplasts  and  Worms  of  mjoroorganimss?  Twelve 
investigators  collaborated  in  clarifying  the  concept  of  "protoplasts"  in 
the  journal  "Nature"  (126). 

Toacsik  and  Quax-Holser  (113)  noted  that  lyeosymic  protoplasts  possess 
an  antigenic  activity  quite  different  from  that  of  isolated  and  purified 
cell  walls.  Antibodies  produced  with  these  cell  fractions  showed  no  trace 
of  cross  reaction  with  two  different  cell  fractions.  The  paper  caused  a 
few  laboratories  to  review  the  production  of  becterlel  vaccines  in  this 
sense. 

Various  serological  reactions  of  protoplasts  isolated  from  numerous 
types  of  B.  megaterium  were  thoroughly  developed  and  reported  in  paper 
(120). 


Formation  of  protoplasts  may  be  used  in  determining  the  active 
mechanism  of  genuine  disinfectants  (116).  Bacillus  M  was  brought  into 
contact  with  different  concentrations  of  tested  disinfectant  for  30 
minutes  at  room  t  secretaire.  The  disinfectant  was  subsequently  removed 


by  three-fold  washing,  and  tea  lyeoayms  experiment  was  carried  ©at.  In 
these  tacts,  Ringer  solution  was  ns  ad  with  grant  success  in  place  of 
isotonic  saccharose  solution  for  preservation  of  protoplasts,  tin&sr 
genuine  disinfectants  wa  included  earbol,  the  quaternary  ammonium  bases 
and  several  other  substances  that  neutralised  spherical  transformation 
at  concentrations  which  inhibited  culture.  Another  group  included  the 
mercury  salts  which  showed  excellent  Inhibition  of  culture  at  high 
dilutions,  but  did  not  neutralise  spherical  transf creation  even  at  low 
dilutions.  Since  esreury  salts  react  with  sulfhydril  groups,  and  their 
propagation-inhibiting  effect  is  reversible,  they  are  not  genuine  dis¬ 
infectants.  Experiments  published  in  paper  (116)  may  be  interpreted  in 
the  sense  thet  neutralisation  of  spherical  transformation  of  bacilli 
sensitive  to  lysozyme  is  suitable  as  a  criterion  to  establish  whether  a 
chemical  substance  ie  a  genuine  disinfectant.  The  effect  of  a  genuine 
disinfectant  oonslsts  of  irreversible  denaturation  of  cytoplasm,  pre¬ 
venting  spherical  transformation  due  to  surface  tension  after  enzymatic 
removal  of  the  bacterial  cell  wall.  Either  the  cytoplasm  is  coagulated 
irreversibly,  or  the  elasticity  of  the  eytoplamde  membrane  is  lost 
during  denaturation. 

7*  Sporulation.  Structure  and  serology  of  bacterial  spores 
(5  pepere). 

The  ability  to  produce  spores  among  both  pathogenic  and  a- 
pathogenio  bacteria  depends  on  the  genetic  factors  of  the  species  or  on 
individual  bacterial  strains.  In  the  presence  of  genetic  factors, 
sporulation  is  induced  by  environmental  conditions.  Seoent  observations 
have  clirifled  the  role  of  trace  elements  and  other  inorganic  and 
organic  substances,  but  Buchner's  (1890)  old  concept  remains  valid, 
according  to  which  the  physiological  cause  of  sporulation  is  found 
principally  in  the  critical  shortage  of  nourishment.  While  Foster  and 
hie  school  (USA)  challenged  this  old  view  energetically,  it  was  reintro¬ 
duced  by  Grelet  in  several  biochemically  oriented  papers  with  modern 
formulation  and  precision.  Paper  (128)  analyses  the  individual  factors 
involved  in  the  question  why  Oladstone-Flelde  medium,  so  rich  in  amino 
acids,  promotes  vegetative  growth  of  bacteria,  but  is  wholly  unsuited 
for  sports  la  ticn.  tie  identified  the  constituents  Which  Inhibit  or 
promote  sporulation  in  this  highly  complex  medium.  Qrelet'e  data  were 
supplemented  (137). 

These  two  papers  (128,  137)  resulted  in  a  new  observation, 
according  to  whioh  the  sporangium  shows  pronounced  swelling  at  a  certain 
stage  of  sporulation  after  addition  of  homologous,  vegetative  poly¬ 
saccharide  immune  serum.  It  was  established  that  this  swelling  ie  not 
due  to  an  antigen-antibody  reaction,  but  is  oaused  by  stay  etc  of 
sporulation  (128,  137,  144).  This  reaction  was  used  in  establishing 
the  sporulation  phase  in  idtieh  the  most  "sporaagiolytiQ*  ferments  are 
produoed.  These  ferments  depolymeriue  the  wall  of  the  mother  cell  in 
the  oourse  of  the  antigen-antibody  reaction  with  such  speed  that  the 


15 


mil  Is  loosened  and,  sines  it  is  visualised  Microscopic*}.!/  by  the 
reaction  wLt fa  antibodies,  simulates  a  "smiling  reaction.”  This  reaction 
ms  designated  "specific  sporangia*  reaction"  and  led  to  the  study  of 
"sporangiolytic"  fermots  (144)*  In  the  cytologies!  study  of  these 
foments,  a  distinction  ms  node  between  "parietoljrsis"  aid  "eytopl**- 
nolysis."  The  primry  effect  is  parietolysis  (1M)>  Wien  concentrated 
sporulation  foment  is  added  to  non-epo rula ting  chains  of  the  sane 
bacteriun,  the  chain  is  soon  divided  into  individual  bacilli  due  to 
ensymtic  cleavage  of  transverse  walls.  The  lateral  cell  mil  is 
attacked  later,  although  addition  of  cell  mil  antibodies  (but  not  poly¬ 
peptide  antibodies)  protects  the  ctxl  mil  for  a  few  hours  against  the 
destructive  effect  of  etuymss.  Following  destruction  of  the  cell  wall, 
the  cytoplasm,  apparently  unimpaired,  goes  into  solution.  Certain  sera 
(but  not  polysaccharide  and  polypeptide  antibodies)  are  able  to  protect 
the  cytoplam  of  sporangia  for  long  periods  against  sporangiolytic 
foments .  In  this  case  the  cytoplam  of  indivi&isl  cells  assume  a 
spherical  shape  after  accomplished  parietolysis.  These  spherical  masses 
of  protoplasm  show  a  certain  similarity  to  protoplasts,  but  are 
fundamentally  different,  since: 

s.  they  can  be  preserved  only  in  certain  sera,  but  not  in  saccharose 
or  in  Blnger  solution; 

b.  spherical  elements  of  protoplasm  have  a  tendency  to  confluence 

in  moist  preparations,  forming  giant  spheres  about  20  microns  in  diameter. 

* 

Numerous  strains  of  msgaterlum,  cereus  and  anthrads  were  eiamlned 
for  spore  antigens  in  papers  (137)  and  (13d).  Preparation  of  pare  spore 
sera  ms  based  on  following  considerations: 

a.  Vegetative  cells  of  B.  rmfsturium  are  completely  dissolved  'ey 
lysosym,  idtereas  spores  of  this  bacterium  possess  a  high  resistance  to 
lyaoqm*.  Spores  of  B.  megatorlum  may  therefore  be  freed  completely 
from  vegetative  cellular  residues  by  treatment  with  lysoqrms. 

b.  Although  vegetative  cells  of  B.  cercus  and  fi.  Anthrads  are 
resistant  to  lysoiyme,  vegetative  cellular  remnants  may  be  removed  from 
their  surface  with  the  aid  of  sporangiolytio  ensymes. 

tfe  succeeded  in  producing  such  spore  sera  which  gave  no  trace*  of 
serological  reaction  with  vegetative  cells,  even  without  differential 
absorption.  Such  spore  sere  served  in  speoiflo  agglutination  of  spores 
at  high. titers*  Particularly  distinct  titers  ware  achieved  ty  mesne  of 
centrifugation  introduced  to  spore  agglutination.  This  technique 
permitted  detailed  serological  typing  of  spores  in  the  species  msgaterlum, 
esreas  and  anthrads.  In  oontrast  to  the  high  nusfcer  of  vegetative  cell 
wall  types,  spores  of  msgaterlum  and  cereus  showed  but  a  few  serological 
typos  thieh,  however,  always  deviate  fro*  those  of  the  vegetative  cell 
mil.  The  spores  of  various  anthrads  strains  were  identical,  however. 
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their  specific  polysaccharide  mu  quit*  different  fro*  the  cell  tall 
polysaccharide  of  the  vegetative  for*  of  B.  anthrads. 

1  surprising  ebeertation  «i  ma*  during  phase  contract  denMopf 
of  the  effect  exerted  by  epore  antibodiee  on  spores.  Iboee  cere  that 
agglutlniaed  a  certain  spore  produced  an  unexpected  capsule-like  leper 
on  the  spore's  enter  wall.  The  east  proainent  expert e  in  Anerleaa 
electron  aieroscopy,  triw  have  been  studying  the  nltraetroctnre  of 
bacterial  endoeporee  for  ye are,  deecribe  a  eo called  "exosporiwa"  on  the 
eurfeee  of  the  cereus  spore,  bat  were  enable  to  discern  a  elailar 
structure  on  the  surface  of  B.  negate  riee,  k  each  eiapler  cxeadnetdon 
under  the  pheee  oontraet  ari.cn>  scope  revealed  exoeporiun  on  B.  nsgatsritui 
in  utaost  clarity  in  font  of  a  capsule-like  layer  after  treatnent  with 
epore  iaaone  aerua  (133).  Toacalk  called  thie  reaction  "specific  a xo- 
sporlua  reaction.”  Contrary  fee  current  opinion,  thie  reaction  proved 
categorically  that  exoeporiun  ie  not  a  reanant  of  the  vegetative  cell, 
but  that  its  eubetanee  ie  synthesised  at  the  tins  of  eporulatlott. 

Treatnent  with  the  Mickle  vibrator  leads  to  lesions  in  the  epore 
wall  and  to  evacaaticn  of  internal  cell  coaponente.  Wien  epore  Insane 
aerua  ie  added  to  a  "epore  wall  preparation”  prepared  in  this  wanner, 
the  result  is  a  "specific  spore  wall  reaction*  (133). 

Since  treataant  of  purified  spores  with  ultrasound  separates  the 
exosporiun  in  about  octe  hour  without  injuring  the  spore  wall  (136),  the 
bacterial  exo sporlua  and  the  spore  wall  are  accessible  to  cheuicel  and 
serological  studies. 

3.  Erythrocytes:  The  fbuadatiana  of  hsas gglntinatt  mi  Isolation, 

nature  and  topography  of  asabrane  antigens.  Serological  diagnosis  of 
aononocleosis  infections  (16  papers). 

ill  serological  and  diagnostic  laboratories  of  the  world  aaploy 
ovine  and,  occasionally,  bovine  erythrocytes  in  henagglntl nation  or 
hewolyals  in  connection  with  certain  serological  reactions,  although  it 
was  sot  clear  prior  to  1945  Wiich  antigenic  substances  on  tbs  Halting 
surface  of  these  erythrocytes  participate  in  the  various  reactions. 
Conclusions  were  drawn  indirectly,  according  to  which  both  the  "hetero- 
gene  tie"  antibodies  present  in  the  sense  of  healthy  persons  or  produced 
in  serum  disease  or  in  infectious  aononucleouis,  and  iaogcnetie 
antibodies  reset  with  different  antigen*  on  the  surface  of  erythrocytes. 
The  proposed  antigens  were  designated  r,  5,  X  or  I.  Bach  cone  la  si  one 
were  based,  on  cross  absorption  reactions  usually  fhaUlar  only  to 
specialists.  Toaoeik's  work  was  aiasd  at  the  isolation  of  proposed 
t,  S»  M  and  I  antigens,  and  at  the  definition  of  their  nature  and 
incorporation  in  the  erythrocytic  asabrane. 
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In  one  paper  (68)  Toncslk  discussed  polysaccharides  at  hetcrognaetie 
antigens  and  criticised  a  study  by  Bwm  cad  Thome,  Ao  claimed  that 
Forsaaan  antigen  from  horse  kidney  has  a  ehealeal  fens  different  fro* 
that  derived  frea  horse  heart.  Although  the  horse  heart  la  a  very  poor 
source  of  Forsaaan  antigen,  the  substance  uas  isolated  In  a  fora  (70) 
that  cxrcortcri  the  naterlal  procured  by  Benaaz  and  fhsaas  fraa  bovine 
heart  several  tines  in  degree  of  activity.  Stir  substance  use  serologi¬ 
cally  and  ehaateally  identical  uith  purest  and  asst  active  Forsaaan 
antigen  previously  Isolated  by  Brenius  frea  horee  kidaey.  Forssasn 
antigen  with  nearly  similar  properties  uas  extracted  uith  cold  ethanol 
frea  cheep  erythrocyte  straaata,  uhen  sero logically  inactive  substances 
ears  first  rsaoved  frea  the  s trees ta  by  extraction  uith  aeotoao  (71). 

The  eaas  paper  proposed  asthods  suitable  for  large-scale  production  of 
erythrocytic  straaata.  A  sensitive  astbod  for  the  evaluation  of  serologic 
activity  of  otroaata  and  their  fractions  uas  developed  (71). 

Sxtmetioa  and  sops  ration  of  8  and  M  fractions  oaeeoedsd  after  aany 
fruitless  efforts  described  in  paper  (75).  Strouats  of  bovine  erythro¬ 
cytes  without  F  antigen  are  the  best  source  of  8  and  M  antigen  (76,  79). 

The  sons  contraction  procedure  destroyed  a  considerable  portion  of  M  antigen 
in  the  straaata  of  ovine  erythrocytes  (78).  The  ehealeal  nature  of  F,  S 
and  11  antigens  uas  discussed  in  paper  (60).  Sxtrected  and  purified  11 
antigen  of  bovine  erythrocytes  absorbed  2  units  of  h— agglutinin  of  uono- 
nueloosis  serum  eluctively  up  to  a  dilution  of  1x1,000,000,  whereas  it 
rcmlncrt  inactive  during  absorption  with  other  h—sggliitlnlna 

Separation  of  I  (isopfailie)  antigen  frou  other  antigens  of  evins 
erythrocytic  straaata  failed.  Us  established  that  this  antigen  is 
qxtrsmly  thuruolabUa  and  that  its  aaroXogjaal  activity  la  couple tely 
neutralised  uith  trypsin  and  pspeia  (74).  This  behavior  of  I  antigen  is 
fnatanen tally  different  froa  that  of  F,  8  end  M  antigens  uldch  are  still 
theraostabls  at  100°C  and  resist  the  proteolytic  effect  of  trypsin  end 
pepsin  (74). 

The  sane  paper  (74)  points  sat  that  the  agglutinates  of  hap 
erythrocytes  produced  under  the  Influence  ef  1  serum  nay  be  differentia¬ 
ted  aorphologlcelly  frou  these  obtained  with  mmaaeleoclc  sense. 
I-aggtstlaatca  are  wgpiirt?  they  ooaalst  ef  flat,  defamed,  alnoet 
"agglomerate*  aiythrecytaa  in  else#  oeutact ,  ukile  erythrocytes  in 
agglutinates  form  large,  laess  aggregates,  tabs  a  spherical  for*  and  are 
in  us  teal  contact  only  in  one  seeter  ef  the  spharleal  surfhee.  Toncslk 
misl ders  kauulitiMtiM  and  hanslvais  ldsnSleal  in  nature,  sensed  hr 
the  earn  ssUbedy.  He  sssrlhss  the  quotient  of  "hsnelyA  s/hssegglutlna- 
tien  titer,*  whieb  sbsugss  in  accordance  with  lbs  bsungglnHirtti  oystna, 
to  the  variable  t epigraphy  of  individual  eatlgns  on  the  eell  surfboe 
(71).  If  tho  antigon  is  looatod  on  the  art  rum  enter  surface  of  the 
erythrocytic  enthrone,  hemagglutination  is  favored  (nononueleoais  antigon 
of  oboep  erythrocytes).  If  the  antigen  lies  hasp  within  the  aead permeable 
naubrone  ef  the  sms  cell,  agglutination  is  impeded  oterloally,  «hil* 
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tenolysis  Met  be  promt  ad,  tinea  tee  awplwat  meets  ulte  an  antibody- 
antigen  coupler  end  the  deeply  incorporated  antigen  1*  an  Integral 
eanponant  of  tea  erythrocytic  mtemae  (74*  141,  143,  145,  146).  tea 
gntymarida  mufaraae  of  erythrocytes  ooueists  primarily  of  a  spedee- 
epeelfic,  tearnalaMla  protein  (X  antigen)  ttteb  la  separable  tnm  tea 
nanlmaaa  (strauata)  only  by  careful  extraction  with  liHOh.  Carefully 
extracted  2  antigen  ratalna  lte  aaro logical  activity,  tet  it  Incorpomtsa 
P,  8  and  II  antigens  which  eaanot  bo  separated  without  danateratlen  of  tea 
labils  protein,  teoaa  asperimdtal  media  load  to  tea  condition  teat 
tea  oanlpamaabla  wsUbraaa  of  erythrocytes  la  a  tteruolafalle  protein  Kite 
supporting  groups  oonaiatlnt  of  hapten-ilka  anbataneaa  deep  id  thin  tea 
structure  aa  nail  at  on  tea  anrfboa  (141,  146). 

Differences  In  tea  morphological  aapaet  of  agglwtl  natea  according  to 
tba  topography  of  surface  ant  If  a  Indicate  teat  Coca*  a  eoncapt  of  tea 
dafLoition  of  genuine  agglutination  and  paandoagglntl  nation,  although 
widely  accepted  In  tba  li tamtam,  is  lneormot. 

tea  first  stags  in  Tbneaifc'a  research  in  erythrocyte*  nas  eloaad 
with  tea  following  $  papers:  Clinical  dlagaoaia  of  nononuclsoala  infec¬ 
tion  (84),  Anti  genie  structure  of  ovlaw  and  bovine  erythrocyte*  (85,  86), 
aignifieonoo  of  tea  saron  a  1  bind  n -lipoid  quotient  in  the  determination  of 
norphologlcal  typaa  of  hawagglntlnatian  (88,  89). 

teo  papara  diaaaaoad  above  worn  not  always  interpret  ad  correctly  in 
tea  Utaratara.  Cantrary  to  tba  aotlrs  world  lit  am  tors,  UTiaawthal 
found  no  dif fbranoa  In  tba  uhearptlve  powers  of  teo  guinea  pig  iddnay  and 
hnann  mnaunclanata  antibed. aa  or  other  ham gglefl  nine.  Llppelt  and 
logdstrl,  still  question  tea  dtetlnctivwmae  of  soeallnd  P  and  3  antigens. 
Mbollnor  apparently  did  not  understand  tea  aaaaooa  of  TUncslk's  work 
whan  ho  reported  that  ho  inactivated  II  antigen  with  tea  proteolytic 
format  papal  a,  bat  was  wnahla  to  aoeoapllah  tea  earn  la  tea  case  of  I 
anti gon  defined  in  paper  (74).  It  la  obviowe  teat  careful  proteolytic 
treat  want  of  tba  erythrocytic  surface  fails  to  reach  tea  anrs  deeply 
positioned  I  antigen  of  tea  erythrocytic  ambraae.  An  detailed  reporta 
by  tba  tearless  researchers  jW.mnna  and  Marteslts  am  neat  peculiar. 
Although  teay  oonflra  isolation  and  separation  of  P,  8  and  X  antigaoa 
fmu  erythrocytic  — i hmaaa  by  tea  netted  of  Tburalk  and  Srhmrawaiaa, 
teay  cite  aoau  of  tte  above  neat  toned  papers  with  erroaeeua  aoureao  and 
■UleedUg  data.  Ttey  also  claim  to  barn  worked  ainaltanooualy  with 
TUroaik  and  Vhaaramlaa,  despite  tte  fact  teat  their  first  paper  was 
pahllahad  fonr  foam  niter  the  tearless  raises*  of  papara  (78,  79  and  80). 
The  mat  dletarMag  factor  oouoamad  aoaplets  inactivation  of  X  onbotanoo 
with  trypsin  and  ptpda  on  tte  part  of  Simona  and  Xartoadta,  oontrary  to 
findings  in  paper  (74). 
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la  vim  of  the  dreanstaaoes  described  Sanesih  and  his  am 

MiodAtM  NNMd  mperinaatal  sohk  la  thl a  arm  after  aa  interval  «f 
10  years.  Papar  (140)  fare  solid  oanfl  raatlon  of  the  effort  at  trypsin 
and  pepsin  oa  3  and  X  antigen,  u  described  la  papar  (74).  Mammae, 
it  aae  danonstrated  dth  highly  active,  crystalline  enaya*  preparations 
that  trjpeia  does  aot  iaactivate  M  aattgea  either  la  the  mtnaM  ef 
bovine  and  orlae  erythrocytes  or  la  purified  X  fractions.  Papada 
inactivates  X  aatifaa  in  arythnD^tie  ssahemneo  ef  heap,  hat  aot  in 
thorn  of  cattle,  fide  constitutes  the  first  report  of  a  suhotsoro 
derived  froa  too  different  ealls,  adalch  has  aa  ideatiaal  earn  logical 
reaction,  bat  shows  a  variable  resistance  to  a  certaia  proteolytic 
(plant)  eagyne.  This  remit  aae  net  altogether  msevpcrtwri,  sine* 
earlier  tests  had  above  (78)  that  the  sane  method  of  rhsedoe]  extraction 
Shi  eh  permitted  isolation  of  hi^ly  active  X  antigen  free  hevine  atrnaeeta. 
destroyed  X  antigen  Treat  ovine  atroaata. 

Paper  (141)  is  the  aost  tfcaroagh  roapIliHna,  eejijil raeeait  ail  by  recent 
experinantal  data,  of  ToncsdJt's  ideas  ahovt  heaagglatimtlan  sad 
topographic  distribution  of  hetanophUic  sad  Isophlllr  iSlpne  In 
erythrocytic  nashrenee.  flhsarsitiiws  aade  in  this  paper  lod  to  the 
aesaaption  of  a  loom,  aero  log!  ealljr  inactive  seoeaed  protein  layer  aa 
the  eat  we  enter  serfase  of  erythrocytes,  addeh  covers  hepteei  aioelloa 
ovposod  to  variable  degrees  either  partialljr  (arise  erythrocytes)  or 
completely  (bovine  erythrocytes),  sad  my  partially  inhibit  heniggluti  ne 
tioa  sterioally  or  prevent  tide  phononmoa  completely,  defending  on  its 
potency.  After  carefhl  nigpastlr  reaoeel  of  the  loose  protein  layer, 
bc7lne  erythrocytes  are  saHasnMy  salted  for  hnaeggl  etliartl  m  Based  on 
this  observation,  a  near  reaction  see  developed  for  the  diagnosis  ef 
anaoaec  leasts  Infections  (141,  143,  146),  thdeh  is  considerably  atapflor 
than  absorption  tests  cnrrautly  in  ass. 


JSxperlnental  mrk  am  is  progress  is  aland  at  additional  clarification 
of  tbs  structure  at  the  erythrocytic  nmbenns. 
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